Malignancy and oncologic treatment lead to various secondary immune disorders. In particular, little is known regarding immune reconstitution following cancer therapy. Lymphocytes, their subpopulations and immunoglobulin serum concentrations were assessed in patients with Hodgkin's disease at diagnosis (group I, 26 patients), cessation of therapy (group II, 21 patients) and 2 years after treatment (group III, 18 patients). Absolute lymphocyte count was significantly decreased in group II only (15/21 vs. 6/26 and 0/18 patients). In group I, the absolute count of the following subsets were decreased:
Introduction
Hodgkin's disease (HD) belongs to a group of illnesses in which there is a serious impairment of the immune system over the course of the disease (1) . However, knowledge regarding the influence of the disease itself and the treatment applied for the individual functions of the immune system appears to be incomplete. There are no cases in which individual immunological parameters have been evaluated periodically with the same patients (at the time of the diagnosis, at the end of treatment and after several years). An evaluation of these parameters is particularly important as 90% of patients have long-lasting remissions and it is necessary to take action to ensure their best possible quality of life. Identification of serious, temporary and persistent immune disorders may aid the recognition of the risk group in developing severe infections and to take preventive steps against such complications. This group of patients may be at risk of secondary cancer and thus special oncologic monitoring is recommended (1) .
The aim of the present study was the evaluation of: i) The absolute number of lymphocytes, percentage and absolute count of their subpopulations [cluster of differentiation 19 + (CD19 + ), CD3 + , CD3 + CD4 + , CD3 + CD8 + and CD3 -(CD16 + CD56 + )] in correspondence to the normal range. ii) Serum concentrations of immunoglobulins (Ig) G, IgA and IgM in patients with HD at the time of the diagnosis (group I), 10-14 days after completion of their treatment (group II) and after at least 2 years from the end of oncologic treatment (group III). iii) Additionally, in group III the contents of naive cells (CD45RA) and memory cells (CD45RO) in the CD3 + CD4 + and CD3 + CD8 + population were assessed.
the Polish Pediatric Leukemia/Lymphoma Group. Selected immunological parameters of the patients were periodically assessed: At the time of diagnosis (group I), 10-14 days after completion of oncologic treatment (group II) and ≥2 years after the treatment (group III). The profile of the studied population is presented in Table I . Depending on the disease stage (based on the Costwolds modification of the Ann-Arbor classification) (2) and clinical features, the patients were allocated to different therapeutic groups. Table II describes the details of the treatment protocol according to the HD-97 study. The study was approved by the local Bioethical Board.
Assessment of lymphocytes.
The percentage and the absolute number of lymphocytes in peripheral blood were assessed on the basis of automatic analysis and microscope examination of blood smears. The evaluation of the lymphocyte subpopulation was implemented by flow cytometry with the use of a Coulter Epics 256 cytometer and System II software by Coulter (Beckman Coulter, Miami, FL, USA). Lymphocytes were marked with monoclonal antibodies from Dako (Carpinteria, CA, USA) according to the manufacturer's instructions, following a prior Uti-Lyse erythrocyte lysing. A panel of antibodies against the following antigens were used: CD2/CD19, CD3/CD4/CD8 and CD3/(CD16 + CD56 + ). Additionally, in group III the CD45RA and CD45RO antigens were identified. For a negative check, a mixture of isotypic immunoglobulin was used. The lymphocyte population purity was performed with the application of anti-CD45 antibodies (gate-check).
The following lymphocyte phenotypes were analyzed: CD19 + (lymphocytes B), CD3 + (lymphocytes T), CD3 + CD4 + [T helper lymphocytes (Th)], CD3 + CD8 + (suppressor/cytotoxic lymphocytes) and CD3 -(CD16+CD56 + ) (NK cells). Additionally, in group III the expression of CD45RA and CD45RO in T cells was examined (naive and memory cells, respectively).
In all the patients, the concentration of IgG, IgA and IgM in blood serum was identified with the application of the immunoturbidimetric method with the appropriate anti-globulin serum by Hydrex company (Warsaw, Poland) with the use of Clinilab equipment. None of the patients underwent a transfusion of immunoglobulin nor plasma concentrates ≥4 weeks before the tests. None of the patients had undergone splenectomy.
In order to compare the results obtained with normal values and to allow them to be independent of age and gender, a z-score was applied. This is the number of standard deviations the individual value differs from the population mean: z = (x-mx) / SD; x, examined value; mx, reference population mean; and SD, standard deviation in reference population.
Reference populations were the groups for whom commonly applied age standards were calculated (3, 4) . A z-score value was omitted in the case of NK cells, as in the population of healthy people the distribution of the number of these cells does not possess the features of normal distribution (3, 5) . A comparison between minimum and maximum values, which are considered to be standard, and the average and median values were applied.
The distribution of the z-score value against the reference values was applied, assuming -1.645 and 1.645 values as the minimum and maximum of the normal range. For the normal distribution this corresponds to the 5 to 95 percentile range. Obtained z-score values and the distribution of results in the individual groups were compared by the Kruskal-Wallis test and with the use of χ 2 statistics.
Due to the relatively small number of patients in each group, the influence of different therapy schedules were not analyzed, as well as treatment toxicities, however, no major complications of the treatment was observed in the whole studied population.
Results
Assessment of lymphocytes. The assessment of the absolute number of lymphocytes, percentage distribution and the absolute number of lymphocyte basic subpopulation (excluding NK cells) showed the highest level of irregularities in groups I and II.
In group I, the absolute number of lymphocytes with the majority of children (19/26, 73.1%) remained within the normal limits, whereas they were reduced in six (23.1%) and increased in only one case (3.8%). The percentages and absolute numbers of cells were as follows: Respectively, CD3 + showed lower values at 13/26 (50.0%) and 12/26 (46.2%); CD3 + CD4 + at 11/26 (42.3%) and 10/26 (38.5%); and CD19 + at 18/26 (69.2%) and 13/26 (50.0%) of the examined patients. For the majority of patients, the percentages and absolute numbers of CD3 + CD8 + cells remained within normal limits at 22/26 (84.6%) and 17/26 (65.4%), respectively (Table III) .
In group II, in 17/23 (73.9%) of the children the absolute number of lymphocytes was lower. Lower values were also observed in percentages and absolute numbers of cells as follows: CD3 + in 17 (73.9%) and 18 (78.3%) of examined patients, CD3 + CD4 + in 22 (95.7%) and 21 (91.3%) of patients and CD3 + CD8 + in 22 (95.7%) and 21 (91.3%) patients, respectively. This group was less clear and more diverse in terms of CD3 + CD8 + and CD19 + cells (Table III) .
In group III, the analyzed parameters of the majority of patients did not diverge from the normal ranges. There was a reduced percentage of CD3 + cells in 6/22 patients (27.3%) only and their absolute value was below the normal standard for two children only (9.1%) (Table III) . However, >40% of the group had a reduced percentage of memory cells for lymphocytes Th (CD3 + CD4 + /CD45RO) (Table IV) .
Evaluation of NK cells. The percentages and absolute values of NK cells were reduced in a significant number of patients prior to the beginning of treatment and shortly following its completion, respectively 8/26 (30.8%) and 12/26 (46.2%) in group I and 4/23 (17.4%) and 15/23 (65.2%) in group II. However, 2 years after the treatment completion for almost all patients the percentages and absolute values of NK cells were within normal limits, respectively 21/22 (95.5%) and 20/22 (90.9%).
Concentration of Ig.
The concentration of IgG in group I was notably increased in 13 children (50%). For the majority of children in groups II and III, the concentration of IgG remained within age normal limits, but was noticeably lower when compared to group I. The concentrations of IgA and IgM in the majority of children were not significantly deviated in all the groups, but in groups II and III there was a clear decrease in comparison with group I (Table V) .
Discussion
Malignancies and oncologic treatment are recognized factors that affect the function of the immune system (1). The degree and duration of the disturbance depends on the diagnosis, cytotoxic drugs administered, radiotherapy fields and doses, complications associated with oncologic treatment and adjuvant therapy (blood transfusions, growth factors and intravenous immunoglobulin substitution). To assess the immune defects correctly, repeated examination of patient cohorts treated for the same diagnosis, with the same therapeutic protocol at the same time-points are required. From the practical point of view, these time-points should include the diagnosis and prior to the induction of treatment, the completion of therapy and at least 2 years after the treatment (the suggested time of functional recovery of immune system). In the majority of studies published the results of immune system tests were those that were described at the time of diagnosis or at various times from the completion of treatment (6) (7) (8) (9) . Other limitations result from groups of patients that are too small (10, 11) , different therapy protocols (8) and application of medical procedures that develop secondary immunological disorders, such as splenectomy (9) . In the present study, all the patients underwent the same treatment in accordance with the HD-97 protocol, which was based on two chemotherapy courses: B-DOPA and MVPP in a sequence depending on the clinical stage according to the Costwolds modification of the Ann-Arbor classification. Splenectomy was not carried out in any of the cases. All the patients underwent radiotherapy, with mediastinum irradiated in >80% of cases. Thus, the presented group featured homogenous risk factors of secondary immunological disorders, deriving from the administered oncologic treatment.
Since the majority of immunological parameters show age-related variability, taking into consideration that the age of children diagnosed with cancer varied from 3 to almost 19 years and that the observation time for each patient in the analyzed group was at least 2 years, the results were defined as a z-score value. The exception was the NK cells, as in the healthy population the distribution of the number of these cells does not possess the features of normal distribution (3). HD is a lymphoproliferative disease. Pathognomonic for HD are Reed-Sternberg's cells, which originated from B lymphocytes (1) . The abnormality in the number of lymphocytes is considered typical for this proliferation (1, 6) . In the present study, lymphopenia was found in >20% of patients at the time of diagnosis, however, in the majority of cases the absolute number of lymphocytes did not deviate from the normal range. In group II, in which the analysis was performed ~2 weeks after treatment completion, lymphopenia was diagnosed in >70% of patients. This is a clear result of the suppression of marrow following the applied chemo-and radiotherapy. In group III, 2 years after treatment completion, the absolute number of lymphocytes was regular for almost all the patients. This data proves that abnormalities in the number of lymphocytes have a secondary character against proliferation and applied treatment, and do not result from any primary immunological deficiency.
Taking into consideration the pathogenesis of the disease, a high irregularity was observed in terms of percentage and absolute numbers of lymphocytes B at the time of HD diagnosis (1) . The present study has proved that disorders more often refer to the absolute number (in almost 70%) compared to relative values (in 50% of patients). Subsequent to treatment completion, the decrease of the absolute count of lymphocytes B (in almost 61% of cases) is rather a result of lymphopenia, although in 40% of patients a reduction in percentage was also observed. Two years after treatment completion the absolute and relative values were within normal limits.
The present study has proved that the disease itself and the applied treatment directly cause deficiencies of CD3 + and of CD3 + CD4 + cells in particular. However, in the majority of patients these disorders were temporary and in analyses performed ≥2 years after treatment completion, relative and absolute values were normal. The results presented here differ from the data presented in other studies (1, 7, 10) . Different results were also obtained for group III. The percentage of memory and naive cells within CD3 + CD4 + and CD3 + CD8 + subpopulations showed the deficiency of such Th memory cells in 40% of patients, whereas, Watanabe et al (12) showed a deficiency mainly in naive cells.
Changes within NK cells were less evident and occurred only at the time of diagnosis and shortly following treatment completion. In time-distant tests, they did not diverge from reference values in a large majority of cases. This does not confirm the observation in the study by Macklis et al (9) that radiotherapy of the lymphatic system (large majority of patients underwent such treatment) results in a long-term increase in the population of NK cells. The reason for this discrepancy may be a consequence of complex immunological deficiency in the group presented by Macklis et al (9) , as these patients were not only treated with radio and chemotherapy, but also underwent splenectomy.
The present study has proved that the IgA and IgM immunoglobulin concentrations do not change significantly at any of the analyzed stages. Thus, it can be concluded that neither the oncologic disease nor the treatment has a significant influence on the production of IgA and IgM immunoglobulin. However, the concentration of IgG was higher in half the patients at the time of diagnosis (group I). Similar observations have been reported in the study by Tan et al (13) . Considering the fact that in almost all the patients immediately following treatment completion, and in further examinations, the concentration of this immunoglobulin is correct. Therefore, it could be concluded that intensified production of IgG is associated with immunological disorders that are caused by the oncologic disease itself.
Results of the present study show a prolonged immune defect in certain patients, which may lead to increased susceptibility to infections. This justifies the importance of preventive immunization following completion of oncologic treatment. Numerous vaccination guidelines are available, however, the timing, vaccine doses and their efficacy remains under development (14) (15) (16) .
In conclusion, disorders in the percentage distribution and individual subpopulations of lymphocytes applied to patients mainly at the time of the diagnosis and immediately following completion of treatment. Therefore, the disorder is a result of the pathogenesis of the disease and of the influence of oncologic treatment. Also, the analysis of time-distant consequences showed only deficiency of memory Th lymphocytes. Additionally, the concentration of IgG at the time of diagnosis was significantly elevated in half the patients, which is possibly associated with the pathogenesis of the disease. The treatment does not appear to noticeably affect the production of IgG, IgA and IgM, although their concentrations were lower following the completion of therapy in comparison to the diagnosis.
